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Abstract 
Optical, structural, morphological and photoelectrochemical properties were investigated of ternary MoBi2Se5 thin film 
prepared by simple arrested precipitation technique (APT). The precursors used were molybdenum, bismuth, triethanolamine 
complexes (TEA) along with organic additives. Ammonium molybdate, Bismuth nitrate and sodium selenosulphite were used as 
sources of Mo4+, Bi3+ and Se2- ions. The optical band gap of thin film was estimated to be 1.78 eV. X-ray diffraction data reveals 
that the grown MoBi2Se5 thin film was highly nanocrystalline with orthorhombic structure. Scanning electron microscopy studies 
reveal that porous layer having elongated fibrous morphology with high surface area. The film was obtained with a well-defined 
composition, very close to the expected one. PEC application of prepared thin film were checked in Sulphide / Poly sulphide 
electrolyte  which revealed that MoBi2Se5 thin film deposited on FTO coated glass exhibited maximum values of fill factor (FF) 
and conversion efficiency (η) with n type semiconductor nature. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
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Introduction 
Now days natural gas and fossil oil, coal are the exercise control over energy source, but they pollute the 
environment. These valuable resources of the earth are limited and will be used up in next few years. In the interest 
of the environmental energy conservation and protection, the search for a renewable, cheap and clean energy source 
has been an essential problem for human life. Among these renewable resources solar energy is a totally new energy 
which is safe, clean and reproducible, as well as ecofriendly source of energy. At present, thin film solar cells are the 
most interesting scheme in the solar cell development and research. Therefore various researchers are investigating 
 014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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new materials for use in the solar energy conversion (Santra et al. 2013; Guo et al. 2012; Lua et al. 2012; Riha et 
al.2011; Yadav et al.2010; Changa et al.2009; Zhao et al. 2009; Chenga et al.2009; Todorov et al.2008). Our 
intention is to synthesize new ternary molybdenum bismuth chalcogenide thin films to have promising properties for 
PEC applications. Bi2Se3 material has possible application as thermoelectric generator or photoconductors (Das et 
al. 1998; Christian et al. 2005) and MoSe2 have special appllications in intercalation superconductors or 
photoelectrochemical cell (Dukstiene et al.1998; Abdallah et al.1998) however, little effort has been extended to 
study new ternary mixed molybdenum bismuth compounds. In the present investigation, preparative parameters are 
optimized in order to obtain high-quality and well reproductive new MoBi2Se5 thin film. In this communication we 
report preliminary results on optical, structural, morphological, compositional and PEC application of the MoBi2Se5 
thin film. 
1. Experimental details 
1.1 Chemicals 
All chemicals were analytical grade (AR) & used without further purification Ammonium molybdate 
[(NH4)6Mo7O24.4H2O], Bismuth nitrate [Bi(NO3)3∙5H2O], Anhydrous Sodium sulphite [Na2SO3], Selenium metal 
powder [Se], Triethanolamine [N(CH2-CH2-OH )3]. 
1.2 Deposition of MoBi2Se5  thin films 
MoBi2Se5 thin film have been prepared by an arrested precipitation technique (Ajalkar et al., 2004. Patil; et al., 
2008, Mane et al., 2010). In 100ml beaker 0.05M 2ml Mo-TEA complex, 0.05M 18ml Bi-TEA complex, 20ml 
sodium selenosulphite solution and distilled water to make total volume 60ml. thoroughly cleaned glass substrate 
were mounted on a substrate holder. The parameters such as pH 9.5, time 2 hr temperature of deposition bath 55oC 
and speed of substrate rotation (45 rpm) were optimized. After deposition, samples were taken out, washed with 
distilled water. By allowing the Mo-TEA, Bi-TEA complex to react with Se2- ions, which are released slowly by the 
dissociation of Na2SeSO3 in alkaline medium at pH 9.5.  
The principle of the thin film deposition is based on the slow release of Mo4+, Bi3+ and Se2- ions by corresponding 
complexing agent and subsequent heterogeneous nucleation of MoBi2Se5 thin films on the ordinary and FTO coated 
glass substrate.fig.1 shows Schematic representation of proposed growth mechanism MoBi2Se5 thin film. 
  
 
 
 
 
 
 
 
Fig.1 Schematic proposed growth mechanism MoBi2Se5 thin film. 
In alkaline medium Mo-TEA complex slowly releases Mo4+ ions at PH 9.5 (Nair et al., 1987, Vogel et al., 1978). 
                                              PH =9.5 
(NH4)2[Mo2N (CH2-CH2-O)3] +  6H2O  → Mo4+ + NH4OH + 4OH- + 2[N(CH2-CH2-OH)3]        (1)                
 In alkaline medium Bi-TEA complex slowly releases Bi3+ ions at PH 9.5  
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                                              PH =9.5 
(NH4)3[Bi 2N (CH2-CH2-O)3] +  6H2O  →  Bi3+ + 3NH4OH + 3OH- + 2 [N(CH2-CH2-OH)3]      (2) 
Na2SeSO3 dissociates in alkaline medium to produce Se2- ions 
Na2SeSO3    +  OH- → Na2SO4   +  HSe-                                                                   
HSe-     +    OH-      →   H2O + Se2-                                                                                                  (3)                                      
When the reaction (1), (2) and (3) is slow enough, the heterogeneous nucleation of MoBi2Se5 would occur slowly 
on the immersed substrate and on the inner wall of the beakers, and deposition of material can be expected as per 
reaction 
Mo4+ + 2Bi3+   + 5 Se2-   →    MoBi2Se5                                                             (4) 
1.3 Film Characterization 
The film deposited on the substrate was used for the various characterizations.The film thickness was measured 
with XP-1 Ambios Technology surface profilometer (contact mode) having 1 Ao resolution and the optical 
absorption spectra were recorded at room temperature on the Hitachi model 330 spectrophotometer in the 
wavelength range of 350-850 nm. X- ray diffraction (XRD) with Cr Kα radiation using a Philips PW-1710 X-ray 
diffractometer was performed to identify the crystalline phases of the film. Phase identification was carried out 
using the Joint Committee of Powder Diffraction Standards (JCPDS) database. The surface morphology was studied 
by JEOL-6360 scanning electron microscopy equipped with an energy dispersive X-ray spectroscopy (EDS).The 
study of Photoelectrochemical cells gives a three electrode arrangement. The deposited thin film act as working 
electrode, a graphite counter electrode and a saturated calomel electrode (SCE) reference electrode. A 0.1M 
sulphide/ polysulphide aqueous solution is used as an electrolyte. The photoelectrochemical (PEC) characteristics 
were measured under constant illumination of 500 W xenon lamp with 20 mV/cm2 excitation energy.  
2. Results and discussion  
According to the Tauc relation (Penkove et al., 1987), the absorption coefficient for direct gap material is 
determined by using, 
D $hX–(ghX
Where, A is an energy dependant constant, Eg is the band gap energy and hX is photon energy. The absorption 
coefficient is ~ 104 cm-1 near the fundamental absorption edge, which allows absorption of light even for a small 
thickness (Devika et al. 2006). The optical absorption data was used to plot a graph of (DhX)2 vs. hX as shown in 
Fig. 2. The plot of (DhX) 2 vs. hXyielded straight line at higher energies indicating direct type of transition. The 
intercept of the extrapolation to zero absorption with the photon energy axis are taken as the value of Eg. The band 
gap determined from (DhX) 2 vs. hX plots is found to be 1.78 eV. 
 
 
 
 
1288   R.M. Mane et al. /  Procedia Materials Science  6 ( 2014 )  1285 – 1291 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. plot of (DhQ)2 vs. hX of MoBi2Se5 thin film 
Fig. 3 shows XRD pattern of the as deposited MoBi2Se5 thin film in the range of angle 2θ between 200 to 900. 
Three main peaks can be observed at the diffraction angles of 37.770, 65.590 and 84.7650 on the XRD spectrum 
obtained for the as deposited MoBi2Se5 film. These three peaks are assigned to orthorhombic phase of the planes 
(105), (120) and (325) (JCPDS card no. 40- 0908 and 81- 0834). The peak broadening appears due to 
nanocrystalline nature of thin film. Applying the Scherer formula (Patil et al. 2008) to the prominent diffraction 
peak (105) of spectrum, the crystallite size is found to be 20.8 nm. The value of crystallite size resulted increase in 
value of diffusion length of charge carriers which enhance the fill factor & conversion efficiency of as deposited thin 
film (Moon et al.2007) . 
 
 
 
 
 
 
 
 
 
                   
 
 
 
 
 
Fig. 3.  X-ray diffraction pattern of MoBi2Se5 thin film. 
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SEM micrograph shown in the Fig. 4.a was taken at 30,000x magnification to observe the surface morphology of 
MoBi2Se5 thin film. Micrograph shows porous layer having fibrous morphology and appear very homogeneous. This 
observation infers that the film surface is favorable for the conductions hence material, is suitable for the fabrication 
of solar cells.  Fig.4.b shows the cross sectional view of SEM micrograph. The micrograph resolves the film is white 
coloured with spherical grains upper side and the substrate dark colour below side. The cross sectional view shows 
that the film consists of two parallel surfaces; the difference between them is the thickness of material. The 
thickness of MoBi2Se5 thin film is 1.0 Pm which is well agreed with surface profilometer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
Fig.4. a) SEM micrograph and b) cross sectional view of MoBi2Se5 thin film. 
The quantitative analysis for energy dispersive X-ray analysis was performed for Mo, Bi and Se elements. Fig. 5 
shows EDS spectrum of the as deposited MoBi2Se5 thin film. The average ratio of atomic percentage of Mo: Bi: Se 
was 12.40: 34.45: 52.55 (%) respectively. The actual & observed atomic percentage of Mo, Bi, Se as shown in inset 
table of Fig.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. EDS spectrum of MoBi2Se5 thin film and inset shows expected and observed composition. 
PEC Figure 6 shows the photocurrent-voltage (I-V) curves for the films deposited in dark and under illumination 
with visible light. For the all the films under visible illumination in terms of open circuit voltage (Voc) 361.19 mV, 
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short circuit current density (Isc) 0.079 mA. In dark and under illumination current–voltage (I–V) characteristics of 
“Glass/FTO/MoBi2Se5 /0.1 M (Na2Sx-NaOH)/ Graphite” cells were measured. These (I-V) curves in dark indicate 
good junction rectification property. From the I-V measurements it is observed that the higher magnitudes fill factor 
0.273-% and conversion efficiency 0.281% is obtained for MoBi2Se5 thin films. Our next aim will be the 
improvement in conversion efficiency by optimizing preparative parameters of the MoBi2Se5 thin films. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Current-voltage curve for the MoBi2Se5 thin film 
3. Conclusions 
The structural, optical and morphological, compositional properties confirm that the arrested precipitation 
technique is useful method to prepared mixed MoBi2Se5 thin films. This novel technique is simple low cost, and 
reliable. MoBi2Se5 is a very important material, as it posses an low band gap of 1.78 eV and an absorption 
coefficient is of the order of 104 cm-1; both values make it useful for the conversion of solar energy. The fabricated 
semiconductor photoelectrochemical solar cell (PEC) using MoBi2Se5 thin film shows good performance using cost 
effective arrested precipitation technique (APT). Thin film photoelectrode is very simple, cheap, and convenient. 
The various cell structures were formed for MoBi2Se5 thin film. The fill factor 0.273-% and conversion efficiency 
0.281% is obtained for MoBi2Se5 thin film. It is due to the highly porous layered film can provide the faster 
conduction pathway for charge transport.  
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